Object. Patients with very large or giant unruptured intracranial aneurysms present with ischemic stroke and progressive disability. The aneurysm rupture risk in these patients is extreme-up to 50% in 5 years. In this study the authors investigated the outcome of surgical treatment for these very large aneurysms in the anterior circulation.
V ery large or giant unruptured intracranial aneurysms can lead to a patient's demise because of progressive disability from mass effect, ischemia, or subarachnoid hemorrhage. The risk of rupture is as high as 50% in 5 years according to the ISUIA. 21 Treatment is a challenge given the giant lesion size, partial thrombosis, calcification, and the typical presence of a wide aneurysm neck. Moreover, an unfavorable baseline condition as a consequence of the aneurysm itself or medical comorbidities complicate treatment particularly in older patients. Surgical options were pioneered by C. G. Drake. 4 Since then, decompression of the aneurysm mass, complete exclusion from the circulation, and clip ligation has been our favored treatment process. Endovascular management with the optional use of stenting is constantly evolving as a less invasive alternative. 16 In this study we investigated the surgical outcome in patients treated for very large or giant aneurysms in the anterior circulation between 1998 and 2006 at the University of Texas Southwestern Medical Center in Dallas. The results are then discussed in comparison with endovascular treatment outcomes and the natural history of these aneurysms.
Methods

Patient Population
Between 1998 and 2006, 62 patients underwent clip ligation of unruptured 2-cm or larger intracranial aneurysms of the anterior circulation at the University of Texas Medical Center in Dallas. Cavernous aneurysms were excluded from our analysis. The most proximal ICA lesions were paraclinoid aneurysms. Posterior communicating artery aneurysms were included in the study. The medical and diagnostic imaging records for the patients were reviewed. Data on patient demographics, aneurysm characteristics, surgical procedures, and the degree of aneurysm obliteration were reviewed retrospectively, and patient outcome was ascertained. Major complications were defined as events that extended the patient's stay in the hospital or intensive care unit, required further surgical procedures, or permanently altered the patient's level of functioning as measured using the GOS or their neurological status. 9 All patients underwent standard preoperative examinations conducted by the surgery and anesthesiology teams, which included routine blood tests, chest radiography studies, and electrocardiography. Physicians from the Department of Internal Medicine were consulted, and specialized preoperative examinations were performed as individually indicated. The institutional review board granted approval for this study, and we followed the standard protocol for retrospective reviews of patient charts and electronic records in accordance with the Health Insurance Portability and Accountability Act.
Statistical Analysis
Statistical analysis was performed using the SPSS 15.0 program (SPSS, Inc.). Patient demographics, aneurysm characteristics, surgical procedures, and outcome were described for all patients as a group and for 2 subgroups of patients younger than 50 years of age versus those 50 years and older. Frequency and percentage values of categorical variables as well as the median and a range of continuous variables were determined. Patient characteristics and outcomes were compared in the 2 subgroups by using a t-test or the Mann-Whitney U-test for continuous variables and the chi-square or Fisher exact test for categorical variables. Preoperative, intraoperative, and postoperative univariate and multivariate predictors of surgical outcome within 1 year of surgery were assessed using an exact logistic regression. Odds ratios and their 95% CIs were computed. A probability value < 0.05 was considered significant.
Results
Demographics and Aneurysm Characteristics
The median age of the 62 enrolled study participants was 55.5 years (range 15-75 years). The male/female ratio was 22:40. The median preoperative GOS score was 5; however, an analysis of the 2 subgroups of patients (younger versus older than 50 years) revealed a nearly significant difference (p = 0.05) in the baseline GOS score. Younger patients were in better condition (median GOS Score 5) compared with the older patients (median GOS Score 4). Fortyfour percent of the patients presented with cranial nerve deficits. Other symptoms included headache, memory loss, TIAs, lethargy, depression, speech problems, nausea and vomiting related to hydrocephalus, seizures, and minor head trauma leading to the incidental discovery of the aneurysm. The most common preexisting condition was a smoking history (61% of cases). Sixty-eight percent of the older patients suffered from hypertension as compared with 36% of the younger patients (p < 0.05). Other preexisting medical conditions included cardiac disease, diabetes mellitus, previous stroke, hypercholesterolemia, hypothyroidism, and chronic obstructive pulmonary disease. Younger patients presented with a median of 2 preexisting conditions, whereas patients older than 50 years presented with 3 (p < 0.05). Aneurysm size ranged from 2 to 6 cm with a median diameter of 25 mm. Fortyeight percent of the aneurysms were proximal ICA lesions, and the second most common location was the MCA bifurcation. Sixtysix percent of the aneurysms were thrombosed and/or calcified. Patient demographics and aneurysm characteristics are summarized in Table 1 .
Treatment Procedures
All 62 patients underwent craniotomy and microsur gical dissection of the aneurysm under highpower magnification from a surgical microscope. Sixty patients (97%) were surgically treated via a pterional approach, 1 patient through a bicoronal craniotomy with 2 surgical teams approaching from either side, and 1 patient through a parasagittal craniotomy for a pericallosal giant aneurysm. Cervical carotid artery exposure for proximal control and a clinoidectomy were standard for patients with proximal ICA aneurysms. Suction decompression of the aneurysm was performed in 16 patients with proximal ICA aneurysms. Artery occlusion was performed in 61 patients; the occlusion was temporary in 51 patients (median total oc clusion time 18 minutes, range 4-98 minutes) and permanent (trapping) in 10 patients. A bypass was fashioned in 9 patients. The aneurysm was opened for resection of the clot and decompression (thrombectomy) in 21 patients. One aneurysm was wrapped as the sole treatment. Postclipping angiography was performed in 71% of the pa tients. Angiography was not routinely performed af ter aneurysm trapping or wrapping. Twentyfive patients with carotid artery-ophthalmic artery aneurysms un derwent intraoperative arteriography. Postoperative an giography was performed in 24 patients. Procedures are summarized in Table 2 .
Patient Outcome
Clinical outcome was significantly better in patients younger than 50 years with a median GOS score of 5 (good recovery) within 1 year of surgery. The outcome was worse in older patients, that is, a median GOS score of 4 (moderate disability but independent; p < 0.01) within 1 year of surgery. Overall, 68% of the patients had a good outcome (GOS Score 4 or 5). The mortality rate was 15% overall, 4% in patients younger than 50 years, and 22% in older patients (p = 0.05). Complete aneurysm occlusion was achieved in 90% of the patients and near complete occlusion in 5%. Incomplete occlusion with a small residual lesion was noted in 2 patients, and 1 patient had no occlusion after aneurysm wrapping. Major complications occurred significantly more frequently in older patients compared with younger patients (p < 0.05). The most common complication was ischemic stroke followed by pneumonia. The median length of hospital stay was 9 days. The median followup time was 12 months. Outcome data are summarized in Table 3 .
Outcome Predictors
Multivariate analysis identified 4 preoperative predictors of a poor outcome following clip ligation of unruptured anterior circulation aneurysms ≥ 2 cm: an age of 50 years or older (OR 10.9, 95% CI 2.2-53.0), the presence of a preoperative disability (OR 10.0, 95% CI 2.8-36.1), presentation with a TIA (OR 6.38, 95% CI 1.2-33.1), and an aneurysm size ≥ 2.5 cm (OR 4.41, 95% CI 1.3-14.4). The chance of a poor outcome increased continuously with aging ( Fig. 1) . At an age of 50-59 years, there was a 38.5% chance of a poor outcome (GOS score of 1 or 3). For patients older than 60 years, the chance of a poor outcome exceeded 50%. No intraoperative factor reached significance in the multivariate analysis. However, 2 predictors reached significance in the univariate analysis. In 30 patients treated for proximal ICA aneurysms, the performance of intraoperative angiography was a significant predictor of a good outcome (OR 0.13, 95% CI 0.02-0.8). Prolonged occlusion times were associated with a poor outcome (OR 1.03, 95% CI 1.03-1.07).
Based on multivariate analysis, the occurrence of any type of stroke postoperatively was highly predictive of a poor outcome (OR 85.50, 95% CI 14.3-510.9). Eighty two percent of these events were ischemic and 18% were hemorrhagic. There were 4 patients with hemorrhage. One patient, a 75yearold man, suffered an aneurysm rupture with a fatal subarachnoid hemorrhage only hours after clipping of a giant MCA aneurysm. Two patients, a 15yearold girl and a 65yearold woman, had delayed bleeding into the remaining aneurysm sack within the 1st postoperative week. They presented with progressive hemiparesis. After a repeated operation, the younger patient made an excellent recovery (GOS Score 5). The older patient continued to have difficulties with hemiparesis (GOS Score 3). The fourth patient, a 71yearold woman, underwent trapping of a proximal giant carotid artery aneurysm and a highflow external carotid artery-MCA bypass. She died of an acute intracerebral hemorrhage several months after surgery at another hospital.
Moreover, if investigated as separate factors in the multivariate analysis, the occurrence of either an ischemic or hemorrhagic stroke was highly predictive of a poor outcome. Ischemia was even more predictive (OR 39.0, 95% CI 10.2-510.9) than hemorrhage (OR 7.2, 95% CI 2.4-684.2). Medical complications did not reach significance in the multivariate analysis. The analysis of all predictors is summarized in Table 4 .
Discussion
In the current study we analyzed the outcome and risks associated with the surgical treatment of very large or giant unruptured intracranial aneurysms in the anterior circulation. Patient age was a key predictor of outcome, and therefore we discuss outcome separately in patients younger than 50 years and those older and compare these data to endovascular treatment data. We also discuss the cause and impact of complications and possible options for improvement in the context of the literature.
Outcome in Patients ≤ 50 years
Ninetytwo percent of the patients younger than 50 years of age had a good outcome (GOS Score 4 or 5). Surgery resulted in 88% complete and 4% near complete aneurysm occlusions in these patients, virtually eliminating the risk of future rupture. The overall surgical morbidity and mortality rate was acceptable at 8%. According to the ISUIA study, the 5-year rupture risk in patients harboring a very large or giant anterior circulation aneurysm is 15% and 40%, respectively. 21 Based on the ISUIA data, the risk of rupture of these aneurysms projected over a lifetime has been calculated to exceed 87% in a 30year old patient and 71% in a 50yearold patient.
2 Compared with this grim natural history, the surgical results are excellent.
Our data show improved results compared with other studies. In a surgical cohort, the ISUIA found a risk of > 20% for clipping of giant anterior circulation aneurysms. 21 Lownie and colleagues 13 reviewed a series of giant ACA aneurysms, reporting good surgical outcomes in 5 (83%) of 6 patients younger than 50 years. Khan na and associates 10 reviewed 172 patients and established a scoring system based on their retrospective analysis. Patients younger than 50 years and harboring very large or giant unruptured aneurysms in the anterior circulation had a score of 2-4 with a 3.1-17.4% risk of a poor outcome.
Given the natural history of aneurysms and good surgical occlusion rates and in comparison with other studies, surgical treatment of very large or giant unruptured aneurysms in the anterior circulation remains an excellent therapeutic option for patients younger than 50 years.
Outcome in Patients ≥ 50 Years
Individual risk increased with advancing age. The risk was 38.5% from 50 to 59 years of age, 52.9% from 60 to 69, and 57.1% from 70 to 79. In patients 60-69 years, the risk of a surgical intervention approached the 5-year rupture risk based on the ISUIA data. In patients older than 70 years, the risk of surgery exceeded the lifetime risk of rupture according to calculations by Chang 2 based on ISUIA data.
Our results in older patients appear less optimistic in comparison with other reports. In the surgical cohort of the ISUIA, the overall morbidity/mortality rate significantly increased with the patient's age as well. 21 For all aneurysms, the complication rate for patients older than 70 years exceeded 30%. For giant aneurysms in patients older than 50 years, the chance of a poor outcome exceeded 30% for anterior circulation aneurysms and 45% for PCoA and posterior circulation aneurysms. In a series of giant ACA aneurysms, Lownie et al. 13 noted poor surgical outcomes in 2 (33%) of 6 patients older than 50 years. These authors had excluded 9 aneurysms from the 29 lesions initially identified. Two cases had no followup and 4 were treated nonsurgically. According to the scoring system introduced by Khanna et al., 10 patients older than 50 years would have a risk of a poor outcome between 5.9 and 32.3%. Solomon and associates 19 reviewed 202 patients treated for unruptured intracranial aneurysms in any location, 49 of which were giant. They found an overall poor outcome in 20% of patients (age not specified) who underwent surgery for giant aneurysms. Sundt and colleagues 20 reviewed their operative results in 178 cases of unruptured aneurysms, 83 of which were > 15 mm. Among the patients harboring these lesions, there were only 16 complications. The complication rate in patients harboring large or giant aneurysms was therefore < 16 in 83 patients (19%, age not specified). Drake et al.
5 published a study of 335 patients treated for anterior circulation giant aneurysms. They reported 26 poor outcomes and 18 fatalities. The overall risk of an adverse outcome was therefore only 13%. Eightyone of the aneurysms were petrous and cavernous, treated by carotid artery occlusion or hunterian ligation. Drake et al. found poor outcomes to be associated with permanent artery occlusion in 9 (7%) of 133 lesions of the ICA, 5 (25%) of 20 lesions of the MCA, and 2 (29%) of 7 lesions of the ACA.
We believe 3 factors explain the less optimistic results for patients older than 50 years who were treated for very large or giant aneurysms of the anterior circulation. First, we analyzed the outcome in older and younger patients separately, not just averaging them. Patients older than 50 years were significantly different compared with the younger patients. At our institution, they typically presented with a baseline disability, sometimes severe and associated with dependence and 24hour care (p = 0.05). Furthermore, older patients had significantly more comorbidities (p < 0.05) such as hypertension (p < 0.05), which was indicative of generalized vascular disease.
Second, our data were collected in a prospective way in all patients treated between 1998 and 2006. The exclusion of patients with poor outcomes for any reason was not accepted. The longterm outcome-the GOS score within 1 year of surgery-was then scored by the patients themselves.
Third, our results may reflect a change in the surgical population as endovascular options evolved. An aneurysm favorable for endovascular treatment is typically favorable for surgery. Therefore, favorable aneurysms, including giant ones, are now treated with stenting or coiling. The fewer remaining aneurysms carry the highest surgical risk and consequently are associated with less favorable outcomes.
Lessons to Learn
Our data show that patients presenting with a TIA, a poor baseline condition, an aneurysm ≥ 25 mm, and/or an age ≥ 50 years are at increased risk for a poor outcome. The most important predictor of outcome is postoperative stroke. Seventyfive percent of poor outcomes were due to a major ischemic stroke. Similarly, data collected by Solomon et al. 19 have revealed stroke as the most significant complication accounting for 50% of poor outcomes. In our analysis, prolonged temporary occlusion was predictive of a poor outcome (p < 0.05). Temporary occlusion was always performed under barbiturate burst suppression monitored by electroencephalography. To prolong the ischemic window, only deep hypothermia with extracorporeal circulation is known to perhaps provide neuroprotection past 30 minutes of occlusion. We abandoned this technique more than 10 years ago because of the need for effective systemic anticoagulation and the risk of systemic complications. In an analysis of 60 patients undergoing deep hypothermic circulatory arrest for the surgical treatment of posterior circulation aneurysms, Lawton et al.
11
found a 10 times higher rate of mortality in patients older than 50 years compared with younger patients. Mack and associates 14 recently concluded that deep hypothermia is not well tolerated for longer than 30 minutes or in older patients. Thus, deep hypothermia is not likely to improve outcomes particularly in older patients with anterior circulation aneurysms. Instead, we suggest strictly reducing temporary occlusion to the absolute minimum.
The performance of intraoperative arteriography was predictive of good outcomes in a subgroup of 30 patients with proximal ICA aneurysms (p < 0.05). However, as intraoperative angiography was performed in only select patients, no definitive conclusions can be drawn based on this result. Conceptually, however, to prevent postoperative ischemia, preservation of the parent vessel is key to successful clipping. After clip reconstruction, the parent vessel might be critically narrowed or occluded by the thickened aneurysm wall, aneurysm calcification, or clot. Intraoperative conventional or fluorescence angiography may eliminate this deception. 17, 22 An alternative option could be opening of the aneurysm and direct inspection of parent vessel patency. Opening the aneurysm with thrombectomy and lesion decompression was also associated with improved outcomes in our series, but the level did not reach significance.
Endovascular Morbidity/Mortality Rate
The evolution of the self-expanding stent has made the endovascular treatment of widenecked aneurysms safer. symptoms. In summary, we conclude that the current morbidity/death risk in coiling very large or giant unruptured intracranial aneurysms is ~ 5-10% independent of a patient's age or the aneurysm location. This rate is also representative of our own experience with the endovascular treatment of very large or giant intracranial aneurysms at the University of Texas Southwestern Medical Center.
Residual Aneurysms and Recanalization After Coiling
Complete or near complete occlusion of unruptured intracranial aneurysms larger than 2 cm is often not feasible with coiling. Heran and associates 8 found residual aneurysms in 50% of the endovascularly treated lesions > 1 cm. Hayakawa and colleagues 7 found a significant residual lesion after coiling giant aneurysms in 90% of cases. Malisch et al. 15 demonstrated a 33% recanalization rate in the giant aneurysms in their 1997 study. Li and coworkers 12 documented a residual lesion in all patients with giant aneurysms that had been treated using coil embolizaion. Rooji et al.
18 reported a 64% reopening rate for coiled aneurysms originally > 1 cm. Regrowth of an aneurysm, coil compaction, and coil migration into a soft intraaneurysm thrombus are possible explanations for the faster recanalization. 12, 15 In summary, the problem of residual aneurysm and recanalization or coil compaction after the treatment of very large or giant aneurysms persists. The risk of future rupture after partial coiling remains unknown.
Conclusions
The treatment of very large or giant aneurysms is hazardous and thus best performed only at major cerebrovascular centers with an experienced team of neurosurgeons, interventional neuroradiologists, neurologists, and neuroanesthesiologists. Surgical clip ligation is typically the treatment of choice in patients younger than 50 years. The procedural risk is acceptable and comparable to that for endovascular alternatives; however, the surgical occlusion rate is excellent with better protection from future rupture. In older patients, the benefits of endovascular treatment versus surgery versus no treatment must be carefully weighed on an individual basis. Minimizing temporary occlusion and the consequent use of intraoperative conventional or fluorescence angiography may help reduce surgical complications.
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